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ABSTRACT
Quantumwalks play an important role for developing quantum algorithms and quantum simulations.
Here we present one dimensional three-state quantum walk(lazy quantum walk) and show its equiv-
alence for circuit realization in ternary quantum logic for the first of its kind. Using an appropriate
logical mapping of the position space on which a walker evolves onto the multi-qutrit states, we
present efficient quantum circuits considering the nearest neighbour position space for the imple-
mentation of lazy quantum walks in one-dimensional position space in ternary quantum system. We
also address scalability in terms of n-qutrit ternary system with example circuits for a three qutrit
state space.
1 Introduction
As development of quantum computers has achieved a remarkable success in recent years, everyone has shown a
great interest to implement quantum algorithms, which give a potential speedup over their classical counterparts [1, 2].
Quantum walk [3] is one such quantum algorithm that can be a prospective candidate for solving search problems [4]
with numerous speedup over the conventional computer.
For the last 25 years, researchers have been sincerely working on quantum walks and its applications [5, 6, 7]. Quan-
tum walks has two main variants, one is discrete-time quantum walk (DTQW) [8, 9] and another is continuous-time
quantum walk (CTQW) [10]. The discrete-time quantum walk (DTQW) is defined on the combination of coin (parti-
cle) and position Hilbert space. The evolution of this position space is driven by a position shift operator controlled by
a quantum coin operator. The continuous-time quantum walk (CTQW) is defined only on the position Hilbert space.
In this variant, the evolution of this position space is driven by the Hamiltonian of the system.. The probability distri-
bution of particles for both the variants of the quantum walks spreads quadratically faster in position space compared
to the classical random walk [11, 12, 13], in DTQW two-state Hadamard coin operator has been used. A concept of
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lazy quantum walk(LQW) [14] was later introduced incorporating three-state quantum coin operator. This helps to
establish a relationship between CTQW and DTQW. Further behavioral analysis of DTQW has been carried out by
making use of three state quantum coin on line and cycle [15, 16, 17, 18]. Soon it was shown in [19] that the occupancy
rate of lazy quantum walk along one-dimensional line is better than DTQW . A small variation in lazy quantum walk
gave birth to a breakthrough algorithm, Lackadaisical quantum walk [20] which gives algorithmic speedup than the
previous ones [21, 22].
Due to developments of quantum computers in the past two-three years by the organizations like Google, IBM, Mi-
crosoft etc., implementation of quantum circuits with small number of qubits is now at our fingertips. In 2017, IBM
unveiled their first 5-qubit quantum processor ’IBM-Q’ and immediately after that physical realization of topological
quantum walks on IBM-Q was carried out [23]. In [24], a strongly correlated quantum walks has been implemented
on 12-qubit superconducting processor in 2019. Quantumwalk has also been implemented on trapped-ion based quan-
tum computer in 2020 [25]. After that implementation of discrete-time quantum walks with one and two interacting
walkers on the cycle and the two-dimensional lattice on IBM quantum computers have been carried out in [26]. In [27],
Authors proposed an efficient quantum circuits realization to implement DTQWs in one-dimensional position space
on a five-qubit processor. These circuits can be implemented on any of the present superconducting qubit, trapped
ion qubit or other circuit based quantum devices. They further showed that these circuits can be scaled up to imple-
ment more steps and to higher spatial dimensions, generalized to implement multi-particle DTQWs, and DTQW based
algorithms.
But implementation of discrete-time quantum walk (DTQW) with superconducting qubits is difficult since on-chip
superconducting qubits cannot hop between lattice sites. To overcome this problem, an efficient protocol has been
proposed for the implementation of DTQW in circuit quantum electrodynamics (QED), in which only N + 1 qutrits
and N assistant cavities are needed for an N -step DTQW [28]. As qutrits can be used to encode more information,
more researchers are fascinated towards working with ternary quantum system in recent years. For a ternary quantum
system, the unit of information is known as a qutrit and the corresponding quantum system can be defined using the
orthonormal basis states |0〉, |1〉, |2〉 [29].
Of late several works have been done on quantum algorithms in ternary quantum system [30, 31, 32]. Search problems
have also been dealt with the help of well-known quantum search algorithms [33, 34], which have been implemented
using ternary elementary gates [29, 35, 36, 37]. In recent past, researchers have claimed to develop a superconducting
qutrit processor [38]. To add to that researchers have also claimed to have implemented Walsh-Hadamard gate on this
superconducting qutrit processor [39]. This gives a ray of hope that ternary quantum computers will soon come into
play. This led us to carry out the circuit realization of one-dimensional lazy quantum walk in ternary system in this
paper. Such that whenever ternary quantum computers are live in action we can straightaway map them to it to get the
advantage in application of lazy quantum walk.
In this paper, we have implemented one-dimensional quantum walk using three state coin in ternary quantum system.
Our novelty lies in the fact that:
• We define one dimensional discrete-time quantum walk using three-state coin(LQW) in ternary quantum
system.
• Further, we propose an efficient quantum circuit realization to implement one dimensional discrete-time quan-
tum walk using three-state coin(LQW) in ternary quantum system for the first of its kind using an appropriate
logical mapping of the position space considering nearest neighbour logic on which a walker evolves onto
the multi-qutrit states.
• We also address scalability of the proposed circuit in terms of n-qutrit system, which makes this circuit
realization generalized in nature for implementing more steps.
The structure of this paper is as follows. Section. II describes the dynamics of one-dimensional quantumwalk in binary
quantum system. Section. III defines the dynamics of one-dimensional quantum walk using three-state quantum
coin(LQW) in ternary system. Section. IV proposes efficient quantum circuit implementation for one-dimensional
quantum walk using three-state quantum coin(LQW) in ternary system followed by the generalization of quantum
circuit. Section. V describes our conclusions.
2 One-Dimensional Discrete Time Quantum Walk
Discrete time quantum walks (DTQW) take place in the product space H = Hp
⊗Hc. Hp is a Hilbert space which
has orthonormal basis given by the position states {|x〉, x ∈ Z}. The default initial position state is |0〉. Due to the
2
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two choices of the movement, DTQW have a two-dimensional coin. Therefore,Hc is a Hilbert space spanned by the
orthonormal basis{|↑〉 , |↓〉} (↑ for right and ↓ for left).
Let |x, α〉 be a basis state, where x ∈ Z represents the position of the particle and α ∈ {↑, ↓} represents the coin state.
The evolution of the whole system at each step of the walk can be described by the unitary operator denoted by U ,
U = S(I ⊗ C), (1)
where S is the shift operator defined by
S =
∑
x∈Z
(
|↑〉 〈↑| ⊗ |x− 1〉 〈x|+ |↓〉 〈↓| ⊗ |x+ 1〉 〈x|
)
. (2)
I is the identity matrix which operates in Hp, while C is the coin operation. Hadamard coin is an example of two-
dimensional quantum coin operator, which is denoted byH ,
C =
1√
2
(
1 1
1 −1
)
. (3)
Figure 1: Quantum walks on a line using Hadamard coin in binary system, after 100 steps
The state of the particle in position Hilbart space after t steps of the walk is given by,
|Ψ(t)〉 = Wˆ t
[
|ψ〉c ⊗ |x = 0〉
]
=
t∑
x=−t
[
ψ↑x,t
ψ↓x,t
]
. (4)
The probability of finding the particle at position and time (x, t) is
P (x, t) =
∥∥∥ψ↑x,t∥∥∥2 + ∥∥∥ψ↓x,t∥∥∥2 . (5)
Figure. 1 shows the probability distribution after 100 steps of a DTQW using a Hadamard coin, where the initial
position state is |0〉.
3 One-Dimensional Quantum Walk using Three-State Coin in Ternary Quantum System
Usually DTQW on the line have two directions to move, right and left. But lazy quantum walks have three choices,
right, left and stay put. In this section, we define the mathematical formalism for lazy quantum walks on one-
dimensional line in ternary system.
Dynamics of the lazy quantum walk are defined on the combination of particle (coin) and position Hilbert space as
in DTQW, H = Hc ⊗ Hp. A particle with internal states, Hc = span{|↑〉 , |.〉 , |↓〉} (↑ for right, . for stay put and ↓
for left) and a one-dimensional position Hilbert space is Hp = span{|x〉}, where x ∈ Z represents the labels on the
position states in ternary system.
3
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Let |x, α〉 be a basis state, where x ∈ Z represents the position of the particle and α ∈ {↑, ., ↓} represents the coin
state. The evolution of the whole system at each step of the walk can be described by the unitary operator, denoted by
Uˆ ,
Uˆ = Sˆ(I ⊗ Cˆ), (6)
where shift operator(Sˆ) is defined by
Sˆ =
∑
x∈Z
(
|↑〉 〈↑| ⊗ |x− 1〉 〈x|+ |.〉 〈.| ⊗ |x〉 〈x|+ |↓〉 〈↓| ⊗ |x+ 1〉 〈x|
)
.
(7)
The shift operator at time t, translates the position conditioned on the internal state of the particle. During each step
of the LQW, the particle remains at the same position and also moves to left and right. I is the identity matrix, which
operates inHp, while Cˆ is the coin operation. In this paper, we consider two kinds of coin operators. The first kind is
the DFT (Discrete Fourier Transform) coin operator
C =
1√
3

 1 1 11 e 2pii3 e 4pii3
1 e
4pii
3 e
2pii
3

 . (8)
Figure. 2 shows the probability distribution after 100 steps of a LQW using three-state DFT coin, where the initial
position state is |0〉 in ternary system.
Besides this coin operator, there are other kinds of 3× 3 coin operators.
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Figure 2: Lazy quantum walks on a line using three-state DFT coin in ternary system, after 100 steps
G(ρ) =

 −ρ2 ρ
√
2− 2ρ2 1− ρ2
ρ
√
2− 2ρ2 2ρ2 − 1 ρ
√
2− 2ρ2
1− ρ2 ρ
√
2− 2ρ2 −ρ2

 (9)
with the coin parameter ρ ∈ (0, 1). This coin operator is equal to the Grover operator when ρ =
√
1
3
(equation. 10).
C =
1
3
( −1 2 2
2 −1 2
2 2 −1
)
. (10)
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3.0.1 Lackadaisical Quantum Walk
Quantum analogous of special variant of lazy quantum walk, where the walker has some probability of staying put, is
known as lackadaisical quantumwalk. In lackadaisical quantumwalk, the coin degree of freedom is three-dimensional,
i.e. i ∈ {↑, ↓, .}. The flip-flop transformation conditioned on the |.〉 coin state is
S(|i, j〉 ⊗ |.〉) = |i, j〉 ⊗ |.〉
If l self-loops are allowed, then the Coin operator will beD = 2 |sD〉 〈sD| − I3, where
|sD〉 = 1√
2+l
(|↑〉+ |↓〉+
√
l |.〉)
In [21], Wong showed that using lackadaisical quantum walk with l = 4
N
, the success probability of finding a marked
state in an
√
N ×√N grid becomes close to 1 in O(√NlogN) time, which is better than the DTQW.
4 Quantum Circuit for Implementing the One-Dimensional Lazy Quantum Walk in
Ternary Quantum System
In this section, we present logical realization of quantum circuits to implement one-dimensional quantum walk using
three state coin(LQW) in ternary quantum system. To implement any ternary quantum circuit, we require some
dedicated ternary gates which are described in the following subsection.
4.1 Ternary Gates
This section gives a brief description of the ternary gates that are required for the circuit synthesis proposed in this
paper.
4.1.1 Ternary Shift Gates
In ternary logic, there are five unitary 1-qutrit gates namely, Z(+1), Z(+2), Z(01),Z(12), Z(02)[29]. These gates were
proposed in [29] where they were realized using ion trap model. Each of these gates can be represented using a 3X3
unitary matrix. The truth tables for each of these gates are given in Table 1. Fig. 3 shows the matrix representations of
these gates.
Table 1: Truth Table of 1-qutrit Z gates
A Z+1 Z+2 Z01 Z12 Z02
0 1 2 1 0 2
1 2 0 0 2 1
2 0 1 2 1 0
Z01 =[
0 1 0
1 0 0
0 0 1
] Z02 =[
0 0 1
0 1 0
1 0 0
] Z12 =[
1 0 0
0 0 1
0 1 0
] Z+1 =[
0 0 1
1 0 0
0 1 0
] Z+2 =[
0 1 0
0 0 1
1 0 0
]
Figure 3: Matrix Representation of 1-qutrit Z gates
4.1.2 Ternary Muthukrishnan-Stroud Gate
Muthukrishnan-Stroud Gate [29] is a 2-qutrit gate defined as follows:
M − SZ(A,B) =
{
apply Z gate to B if A = 2
B otherwise
where A is the control, B is the target and Z can be any of the five 1-qutrit gates defined above,i.e.,
Z = {+1,+2, 01, 12, 02}. The truth tables for all possible 2 qutrit M-S gates are given in Table 2. The gen-
eral circuit for an M-S gate is given in Fig. 4.
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Table 2: Truth Table of 2-qutrit M-S gates
A B
M −
S+1
M −
S+2
M −
S01
M −
S12
M −
S02
0 0 0 0 0 0 0
0 1 1 1 1 1 1
0 2 2 2 2 2 2
1 0 0 0 0 0 0
1 1 1 1 1 1 1
1 2 2 2 2 2 2
2 0 1 2 1 0 2
2 1 2 0 0 2 1
2 2 0 1 2 1 0
Z
A
B
A
Z operation on B, if A=2
where Z={+1,+2,01,12,02}
B, otherwise
Figure 4: Circuit Representation of 2-qutrit M-S gate
The multi-controlled version of the M-S gates is defined as follows:
M − SZ(a1, a2, . . . , an, c) =
{
apply Z gate to c if a1 = a2 = . . . = an = 2
c otherwise
(11)
where a1, a2, . . . , an are the controlling inputs, c is the target and Z can be any of the five 1-qutrit gate defined
above,i.e., Z = {+1,+2, 01, 12, 02}. The general circuit for a multi-controlled M-S gate is given in Fig. 5.
|c>
|a1>
.
.
.
|aN>
Z Z operation on c, if a1=a2=...=aN=2
where Z={+1,+2,01,12,02}
c, otherwise
|a2>
|a1>
.
.
.
|aN>
|a2>
Figure 5: Circuit Representation of multi-controlled M-S gate
4.2 Implementation
To implement a LQW in one dimensional position Hilbert space of size 3q, (q + 1) qutrits are required, one qutrit
to represent the particle’s internal state (coin qutrit) and q- qutrits to represent the position. The coin operation can
be implemented by applying a single qutrit rotation gate on the coin qutrit, and the position shift operation is imple-
mented subsequently with the help of multi-qutrit gates where the coin qutrit acts as the control. Quantum circuits for
implementing LQW depends on how the position space is represented. Example circuits for a four qutrit system are
given in this section.
For q = 4 the number of steps of LQW that can be implemented is ⌊3q−1/2⌋ = 13. We choose the position state
mapping given in Table. 3, 4, 5 with a fixed initial position state |000〉. We denote the initial state as |x = 0〉 ≡ |000〉
in Table. 3. After first step of LQW, if the coin state is |2〉, particle moves to the right, |x = 1〉 ≡ |002〉, if the coin
state is |1〉, particle moves to the left, |x = −1〉 ≡ |001〉, and if the coin state is |0〉, particle stays at the initial state,
6
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|x = 0〉 ≡ |000〉 as shown in Table. 3. Fixing the initial state of the walker helps in reducing the gate count in the
quantum circuit and hence reduces the overall error. For example, if the initial state is not fixed to |000〉 then at first
we have to bring the initial state to |000〉 with the help of 1-qutrit M-S gates.
Table 3: Position state mapping with the multi-qutrits states for quantum circuits presented in Figure. 6
|x = 0〉 ≡ |000〉
|x = 1〉 ≡ |002〉 |x = −1〉 ≡ |001〉
+1 +2
+1 +2
C
Figure 6: Quantum circuit for the first step of LQW on four qutrits as given in Table. 3
Table 4: Position state mapping with the multi-qutrits states for quantum circuits presented in Figure. 7
|x = 2〉 ≡ |021〉 |x = −2〉 ≡ |012〉
|x = 3〉 ≡ |020〉 |x = −3〉 ≡ |010〉
|x = 4〉 ≡ |022〉 |x = −4〉 ≡ |011〉
+1 +2
+1 +2
+1 +2
+1
+1 +2
+2
C
Figure 7: Quantum circuit for the second-fourth steps of LQW on four qutrits as shown in Table. 4
Table 5: Position state mapping with the multi-qutrits states for quantum circuits presented in Figure. 8
|x = 5〉 ≡ |211〉 |x = −5〉 ≡ |122〉
|x = 6〉 ≡ |210〉 |x = −6〉 ≡ |120〉
|x = 7〉 ≡ |212〉 |x = −7〉 ≡ |121〉
|x = 8〉 ≡ |201〉 |x = −8〉 ≡ |102〉
|x = 9〉 ≡ |200〉 |x = −9〉 ≡ |100〉
|x = 10〉 ≡ |202〉 |x = −10〉 ≡ |101〉
|x = 11〉 ≡ |221〉 |x = −11〉 ≡ |112〉
|x = 12〉 ≡ |220〉 |x = −12〉 ≡ |110〉
|x = 13〉 ≡ |222〉 |x = −13〉 ≡ |111〉
After each step of the LQW, two new position states have to be considered along with stay put. In Table. 3, 4, 5, we
show that the mapping of these new position states onto the multi-qutrit states is in such a way that optimal number
of gates are used to implement the shift operation, we consider the nearest neighbour position space so as to make the
circuit efficient. In Figure. 6, 7, 8, Quantum circuits are developed for mapping of position states, which are shown in
Table. 3, 4, 5 respectively. Quantum circuit for first thirteen steps of the LQW on line by considering the position state
is mapping shown in Table. 3-5 on a four qutrit ternary system with a fixed initial state |↑〉 ⊗ |x = 0〉 ≡ |↑〉 ⊗ |000〉,
they have been illustrated in Figure. 9. The output of the quantum circuit shown in Figure. 8 for first three steps of
LQW using three-state DFT coin is illustrated in Table. 9.
7
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+1 +2
+1 +2
+1 +2
+1
+1 +2
+2
+1 +2
+1
+1 +2
+2
C
Figure 8: Quantum circuit for the fifth-thirteenth steps of LQW on four qutrits as shown in Table. 5
Table 6: An alternative position state mapping onto the multi-qutrits states for quantum circuits presented in Figure. 10
|x = 0〉 ≡ |000〉
|x = 1〉 ≡ |001〉 |x = −1〉 ≡ |002〉
|x = 2〉 ≡ |012〉 |x = −2〉 ≡ |021〉
|x = 3〉 ≡ |010〉 |x = −3〉 ≡ |020〉
|x = 4〉 ≡ |011〉 |x = −4〉 ≡ |022〉
|x = 5〉 ≡ |122〉 |x = −5〉 ≡ |211〉
|x = 6〉 ≡ |120〉 |x = −6〉 ≡ |210〉
|x = 7〉 ≡ |121〉 |x = −7〉 ≡ |212〉
|x = 8〉 ≡ |102〉 |x = −8〉 ≡ |201〉
|x = 9〉 ≡ |100〉 |x = −9〉 ≡ |200〉
|x = 10〉 ≡ |101〉 |x = −10〉 ≡ |202〉
|x = 11〉 ≡ |112〉 |x = −11〉 ≡ |221〉
|x = 12〉 ≡ |110〉 |x = −12〉 ≡ |220〉
|x = 13〉 ≡ |111〉 |x = −13〉 ≡ |222〉
Table 7: Number of steps and maximum number of control qutrits required to control a target qutrit in the LQW for a ternary
system of upto n qutrits using a circuit similar to the one presented in Figure. 9
No. of qutrits No. of steps
Max. No. of con-
trols in M−S gates
2 1 1
3 4 2
4 13 3
5 40 4
n+ 1 ⌊3n/2⌋ n
An alternative quantum circuit is shown in Figure 10 for different mapping choice of position states (As we will always
have two alternatives nearest neighbour position spaces due to three orthonormal basis states in ternary system) onto
multi-qutrits states is shown in the Table. 6. These two mapping choices are the only appropriate mapping of qutrit
states with the nearest neighbour position space, which makes the circuit not only efficient but also generalized for n
qutrit systems. Apart from these mapping choices, any of naive mapping choices of the position states onto the qutrit
states will lead into an inefficient quantum circuit with higher number of quantum gates as they don’t follow nearest
neighbour logic. One such example is given in Table. 8 and Figure. 11. In this example, due to the configuration of
mapped position state, only two steps of LQW can be performed, which is shown in Figure. 11 whereas, using our
position state mapping approach, 13 steps of LQW can be realized in the same system. This naive mapping choices
of the position states based circuit consists of many additional ternary M-S gates compared to the nearest neighbour
position space based circuits shown in Figure. 9. The next subsection will discuss about the generalization of quantum
circuit for the LQW on a n qutrit ternary system.
4.3 Generalization of Quantum Circuit for Implementing One-Dimensional Lazy Quantum Walk in Ternary
System
The proposed circuits can be scaled to implement more steps on a larger ternary system with the help of higher
controlled M-S gates. As shown in Table 7, using n-qutrit system, implementation of ⌊3n/2⌋-steps of a LQW can be
performed. In other words, to implement n-step of LQW, at least ((⌊log3 n⌋+1)+ 1) qutrits are required. Figure. 12
shows the generalized quantum circuit for ⌊3n/2⌋ steps of the LQW on a n qutrit ternary system with a fixed initial
state |↑〉⊗|x = 0〉 ≡ |↑〉⊗|(n− 1) times 0′s〉. As shown in Table 10, if the position state mapping onto multi-qutrits
8
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+1 +2
+1 +2
C +1 +2
+1 +2
+1 +2
+1
+1 +2
+2
C
First Step Second Step
+1 +2
+1 +2
+1 +2
+1
+1 +2
+2
C
Third Step
+1 +2
+1 +2
+1 +2
+1
+1 +2
+2
C
Fourth Step
+1 +2
+1 +2
+1 +2
+1
+1 +2
+2
C
Fifth Step
+1 +2
+1
+1 +2
+2
+1 +2
+1 +2
+1 +2
+1
+1 +2
+2
C
Twelevth Step
+1 +2
+1
+1 +2
+2
+1 +2
+1 +2
+1 +2
+1
+1 +2
+2
C
Thirteenth Step
+1 +2
+1
+1 +2
+2
+1 +2
+1 +2
+1 +2
+1
+1 +2
+2
C
Tenth Step
+1 +2
+1
+1 +2
+2
+1 +2
+1 +2
+1 +2
+1
+1 +2
+2
C
Eleventh Step
+1 +2
+1
+1 +2
+2
+1 +2
+1 +2
+1 +2
+1
+1 +2
+2
C
Eighth Step
+1 +2
+1
+1 +2
+2
+1 +2
+1 +2
+1 +2
+1
+1 +2
+2
C
Ninth Step
+1 +2
+1
+1 +2
+2
+1 +2
+1 +2
+1 +2
+1
+1 +2
+2
C
Sixth Step
+1 +2
+1
+1 +2
+2
+1 +2
+1 +2
+1 +2
+1
+1 +2
+2
C
Seventh Step
+1 +2
+1
+1 +2
+2
Figure 9: Quantum circuit for the first thirteen steps of the LQW on a four qutrit ternary system with a fixed initial state
|↑〉 ⊗ |x = 0〉 ≡ |↑〉 ⊗ |000〉. The position state mapping is shown in table 3-5
states can be scaled up to ⌊3n/2⌋-steps, the generalized quantum circuit on n-qutrit ternary system shown in Figure 12
will be required to implement LQW. As shown in our proposed circuit, for a n-qutrit system after every 3q−1 (where
q is the number of qutrits and q ranges from 1 to n) steps, two new gates are added to realize the new position states
along with the previous set of gates (when q > 1) due to stay put. As discussed in previous subsection an alternative
way of position state mapping onto the multi-qutrit states exists, which can also be generalized similarly.
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+1 +2
+2 +1
C +1 +2
+2 +1
+1 +2
+2
+1 +2
+1
C
+1 +2
+2 +1
+1 +2
+2
+1 +2
+1
+1 +2
+2
+1 +2
+1
C
(a) (b)
(c)
Figure 10: (a)Quantum circuit for the first steps of LQW on four qutrits as shown in Table. 6; (b)Quantum circuit for the
second-fourth steps of LQW on four qutrits as shown in Table. 6 (c)Quantum circuit for the fifth-thirteenth steps of LQW on four
qutrits as shown in Table. 6
Table 8: An example of mapping of position state onto the multi-qutrits states for quantum circuits presented in Figure. 11
|x = 0〉 ≡ |000〉
|x = 1〉 ≡ |222〉 |x = −1〉 ≡ |112〉
|x = 2〉 ≡ |021〉 |x = −2〉 ≡ |012〉
|x = 3〉 ≡ |212〉 |x = −3〉 ≡ |211〉
+1 +2
+2 +2
C
First Step
+2
C
Second Step
+1 +2
+1
+1
+1
+2
+2
+1 +2
+2 +2
+1
+1
+2
+2
+2
+2
+1
+2
+1
+1
+2
+2
+1
+2
Figure 11: Quantum circuit for first two steps of the LQW on a four qutrit ternary system with a fixed initial state
|↑〉 ⊗ |x = 0〉 ≡ |↑〉 ⊗ |000〉. The position state mapping is shown in Table. 8
+1 +2
+2 +1
C
.
.
.
.
.
.
.
.
+1 +2
+2 +1
+1 +2
+2
+1 +2
+1
C
. . . . . . n-qutrit
Step 1 Step 2 Step floor(3^n/2)
+1 +2
+2 +1
+1 +2
+2
+1 +2
+1
C
. . . . . . 
+1 +2
+2
+1 +2
+1
floor(3^n/2)-2
      Steps
Figure 12: Generalization of Quantum circuit for ⌊3n/2⌋ steps of the LQW on a n qutrit ternary system with a fixed initial state
|↑〉 ⊗ |x = 0〉 ≡ |↑〉 ⊗ |(n− 1) times 0′s〉.
5 Conclusion
In this work, we have defined LQW in ternary quantum system. Further, we have proposed an efficient quantum circuit
realization to implement LQW in ternary quantum system using an appropriate logical mapping of the position space
on which a walker evolves onto the multi-qutrit states. Later, we also address scalability of the proposed circuit to
n-qutrit system. We have also verified our proposed circuits through simulation in Matlab. To implement a three-state
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Table 9: Output after each step(first three steps) of LQW using three-state DFT coin and output of quantum circuit shown in
Figure. 8
Steps Lazy quantum walk output Circuit (Figure. 8) output
0 |0〉 ⊗ |x = 0〉 |0〉 ⊗ |000〉
1 (|0〉⊗|x = 0〉+|1〉⊗|x = −1〉+|2〉⊗|x = 1〉)/√3 (|0〉 ⊗ |000〉+ |1〉 ⊗ |001〉+ |2〉 ⊗ |002〉)/√3
2
(|0〉⊗ |x = 0〉+ |1〉⊗ |x = −1〉+ |2〉⊗ |x = 1〉+
|0〉 ⊗ |x = −1〉+ e 2pii3 ∗ |1〉 ⊗ |x = −2〉+ e 4pii3 ∗
|2〉⊗|x = 0〉+|0〉⊗|x = 1〉+e 4pii3 ∗|1〉⊗|x = 0〉+
e
2pii
3 ∗ |2〉 ⊗ |x = 2〉)/3
(|0〉 ⊗ |000〉 + |1〉 ⊗ |001〉+ |2〉 ⊗ |002〉 + |0〉 ⊗
|001〉+e 2pii3 ∗|1〉⊗|012〉+e 4pii3 ∗|2〉⊗|000〉+|0〉⊗
|002〉+ e 4pii3 ∗ |1〉⊗ |000〉+ e 4pii3 ∗ |2〉⊗ |021〉)/3
3
(|0〉⊗ |x = 0〉+ |1〉⊗ |x = −1〉+ |2〉⊗ |x = 1〉+
|0〉⊗|x = −1〉+e 2pii3 ∗|1〉⊗|x = −2〉+e 4pii3 ∗|2〉⊗
|x = 0〉+ |0〉 ⊗ |x = 1〉+ e 4pii3 ∗ |1〉 ⊗ |x = 0〉+
e
2pii
3 ∗ |2〉 ⊗ |x = 2〉 + |0〉 ⊗ |x = −1〉 + |1〉 ⊗
|x = −2〉+|2〉⊗|x = 0〉+e 2pii3 ∗(|0〉⊗|x = −2〉+
e
2pii
3 ∗ |1〉 ⊗ |x = −3〉+ e 4pii3 ∗ |2〉 ⊗ |x = −1〉) +
e
4pii
3 ∗(|0〉⊗|x = 0〉+e 4pii3 ∗|1〉⊗|x = −1〉+e 2pii3 ∗
|2〉 ⊗ |x = 1〉) + |0〉 ⊗ |x = 1〉+ |1〉 ⊗ |x = 0〉+
|2〉 ⊗ |x = 2〉 + e 4pii3 ∗ (|0〉 ⊗ |x = 0〉 + e 2pii3 ∗
|1〉 ⊗ |x = −1〉 + e 4pii3 ∗ |2〉 ⊗ |x = 1〉) + e 2pii3 ∗
(|0〉⊗|x = 2〉+e 4pii3 ∗ |1〉⊗|x = 1〉+e 2pii3 ∗ |2〉⊗
|x = 3〉))/3√3
(|0〉⊗|000〉+|1〉⊗|001〉+|2〉⊗|002〉+|0〉⊗|001〉+
e
2pii
3 ∗|1〉⊗|012〉+e 4pii3 ∗|2〉⊗|000〉+|0〉⊗|002〉+
e
4pii
3 ∗|1〉⊗|000〉+e 4pii3 ∗|2〉⊗|021〉+|0〉⊗|001〉+
|1〉⊗|012〉+|2〉⊗|000〉+e 2pii3 ∗(|0〉⊗|012〉+e 2pii3 ∗
|1〉⊗|010〉+e 4pii3 ∗|2〉⊗|001〉)+e 4pii3 ∗(|0〉⊗|000〉+
e
4pii
3 ∗|1〉⊗|001〉+e 4pii3 ∗|2〉⊗|002〉)+|0〉⊗|000〉+
|1〉 ⊗ |001〉+ |2〉 ⊗ |002〉+ e 4pii3 ∗ (|0〉 ⊗ |000〉+
e
2pii
3 ∗|1〉⊗|001〉+e 4pii3 ∗|2〉⊗|002〉)+e 2pii3 ∗(|0〉⊗
|021〉+e 4pii3 ∗|1〉⊗|002〉+e 4pii3 ∗|2〉⊗|02〉))/3√3
Table 10: Position state mapping onto the multi-qutrits states for quantum circuits presented in Figure. 12.
|x = 5〉 |x = 4〉 |x = 3〉 |x = 2〉 |x = 1〉 |x = 0〉 |x = −1〉 |x = −2〉 |x = −3〉 |x = −4〉 |x = −5〉
|000〉
|002〉 |000〉 |001〉
|021〉 |002〉 |000〉 |001〉 |012〉
|020〉 |021〉 |002〉 |000〉 |001〉 |012〉 |010〉
|022〉 |020〉 |021〉 |002〉 |000〉 |001〉 |012〉 |010〉 |011〉
|211〉 |022〉 |020〉 |021〉 |002〉 |000〉 |001〉 |012〉 |010〉 |011〉 |122〉
LQW in two-dimensional position space, the same circuit can be scaled with an appropriate mapping of qutrit states
with the nearest neighbour position space in both dimensions by introducing one more coin qutrit into the ternary
system. This approach can also be scaled up to n-dimensional position space. In such cases, the control over the target
or position qutrit increases with the number of coin qutrits. These circuits can also be implemented in any ternary
quantum devices.
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